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Objective: Aging has been reported to be associated with changes in immune function. Although frequent
infection and the development of malignancy suggest the decline of immune function with aging, changes
toward proinﬂammatory conditions also develop at the same time. Th17 cells are well known CD4+ T cell
subpopulation closely linked to chronic inﬂammation and autoimmunity. In this study, changes in the Th17
population were investigated to elucidate a possible mechanism for this response with aging.
Methods: Splenocytes were isolated from 2-month-old (young) and 20-month-old (aged) mice. CD4+CD44+
memory T cells and CD4+CD62L+ naïve T cells were isolated and sorted using magnetic beads and ﬂow
cytometry. The frequency of IL-17-producing cells was measured using ﬂow cytometry. The expression of IL-
17 and Th17-related factors at the mRNA level was measured with RT-PCR. IL-17 and Il-1β expression in spleen
tissues was additionally assessed using confocal microscopy.
Results: The proportion of IL-17-producing CD4+ T cells was higher in the splenocytes among the old mice than
those of the young mice. When splenocytes were cultured in Th17 polarizing conditions, the proportion of IL-17
producing CD4+ T cells was higher in agedmice aswell. Thiswas consistently observedwhen naïve andmemory
cells were isolated and differentiated into Th17 respectively. In addition, the expression of retinoic acid receptor-
related orphan nuclear receptor gamma t (RORγt) and other Th17-related factors (AhR, CCR6, and CCL20)
increased in the splenocytes of aged mice compared to the young mice. The expression of IL-1β, showing to
promote Th17 differentiation, was higher in the aged mice. Likewise, CD4+ T cell expression of IL-1R was higher
in the agedmice, suggesting that the CD4+ T cells of the agedmice are readily prepared to differentiate into Th17
cells in response to IL-1β. Confocal microscopy showed that cells positive for IL-1R or IL-1βwere more frequent
in the spleens of the agedmice.When an anti-IL-2 antibody was applied, the proportion of IL-17-producing cells
increased more prominently in the young mice. We observed that IL-2 production and IL-2R expression were
reduced in the aged mice, respectively, explaining the blunted response to the anti-IL-2 antibody treatment
and the consequent minimal change in the Th17 population.
Conclusion: We demonstrated that the proportion of Th17 cells increased in the aged mice both in naïve and
memory cell populations. Elevation of IL-1R and IL-1β expression and the reduction in IL-2 and IL-2R expression
in aged mice seemed to promote Th17 differentiation. Our results suggest that enhanced Th17 differentiation in
aging may have a pathogenic role in the development of Th17-mediated autoimmune diseases.© 2013 The Authors. Published by Elsevier Inc. All rights reserved.erms of the Creative Commons Attribution-NonCommercial-No Derivative Works License, which permits non-commercial use,
he original author and source are credited.
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It is well known that substantial changes in the immune system, in
terms of function and phenotypic proﬁle, occur with aging. It is clear
that immune function declines with aging, as the elderly are more
susceptible to infection and malignancy (Fulop et al., 2011), a phenom-
enon referred to as ‘immunosenescence’. However, pro-inﬂammatory
cytokines are reported to be elevated in the serum of the elderly
(Krabbe et al., 2004), and some chronic inﬂammatory diseases are
more frequent in the elderly when compared to the young (Lee et al.,
2012). Several studies have examined ‘inﬂamm-aging’ (Cevenini et al.,
2012) where aging-speciﬁc alterations in immune cell populations
and levels of cytokines have been reported. One of the most prominent
cytokine proﬁle changes during aging is the decline of IL-2-producing
cells (Nordin and Collins, 1983). Decreased IL-2 levels have been
associated with a general decline in immune function and immune
regulation. The chronic inﬂammatory state among the elders is recog-
nized to result from sustained antigenic stimuli, which are inevitably
encountered during aging (Franceschi, 2007) and up-regulating mole-
cules favoring inﬂammation. Furthermore, these stimulimay contribute
to epigeneticmodiﬁcations that occurwith aging resulting from various
inﬂammatory conditions (Calvanese et al., 2009).
Given that immune system alterations occur via both innate and
adaptive immunity, it is important to address the change in T cells
with aging. Th17 cells, a subtype of helper T cells thought to be
associated with both innate and adaptive immunity (Huang et al.,
2012). They have also been shown to exert pathogenic effects in chronic
inﬂammation and autoimmunity. While differentiation into Th1/Th2
cells decreases with aging, the ability to differentiate into Th17 cells is
maintained (Haynes and Maue, 2009). This suggests that Th17 cells
may play a critical role in the pro-inﬂammatory conditions observed
in the elderly. Several reports have examined the effect of aging on
Th17 cells. Ouyang et al. (2011) showed that the proportion of Th17
cells in CD4+ T cells in aged humans and rodents was higher than that
in their younger counterparts (Ouyang et al., 2011). Conversely, a
reduction in the proportion of Th17 cells among memory T cells in
aged humans was reported, even though the differentiation of naïve
CD4+ T cells into Th17 cells increased (Lee et al., 2011).
In this study, the proportion of IL-17-producing cells increased
in the aged mice. Consistent with this ﬁnding, the expression of
the Th17-related molecules RORγt, AhR, CCR6, and CCL20 was
higher in the Th17-polarized cells from the aged mice. The increase
in IL-1R expression and reduction of CD4+ T cell expression of IL-2R
in aged mice appeared to contribute to the increase in Th17 cell
count.2. Materials and methods
2.1. Mice
Male C57BL/6 mice (young, 2months old; old, 15months old) were
purchased from the Jackson Laboratory. They were given standard
mouse chow (Ralston Purina) and water ad libitum. All experimental
procedures were examined and approved by the Animal Research
Ethics Committee of the Catholic University.2.2. Preparation of cell suspension
Spleenswere removed from themice. The spleen tissuewasminced.
Splenic red blood cells were removed with an ACK lysis buffer (2.06%
Tris [pH 7.65], 0.83% NH4Cl). Cell suspension was passed through a
40 μm strainer (BD Falcon, Bedford, MA) and re-suspended in 5% fetal
bovine serum (Gibco, Grand Island, NY) containing RPMI1640 (Gibco)
medium.2.3. Murine T cell isolation and differentiation
Spleen cells were washed with 0.5% bovine serum albumin (BSA,
Sigma, St. Louis, MO) and 5 mM ethylenediamine tetraacetic acid
(EDTA, Sigma) containing PBS buffer (pH 7.2). After centrifugation at
1300 rpm and 4 °C, cells were incubated with CD4-coated magnetic
beads (Miltenyi Biotec, Bergisch Gladbach, Germany) and isolated on
MACS separation columns (Miltenyi Biotec). Positively selected CD4+
T cells were stimulated with plate-bound anti-CD3 mAb (0.5 μg/ml;
BD Biosciences, San Jose, CA), soluble anti-CD28 mAb (1 μg/ml; BD
Biosciences), anti-IFN-γ Ab (2 μg/ml; R&D Systems, Minneapolis, MN),
anti-IL-4 Ab (2 μg/ml; R&D Systems), recombinant TGF-β (2 ng/ml;
R&D Systems) and recombinant IL-6 (20 ng/ml; R&D Systems) for
3 days to achieve Th17 polarization. Negatively selected non-CD4+
cells were regarded as antigen-presenting cells (APCs). In co-cultures
using Th17-like cells and APCs, each type of cell was harvested, washed
and seeded in 24-well plates (5×105 cells/well). APCs were irradiated
with 3000rad before co-culture. Each culture supernatantwas collected
and used for cytokine ELISA.
2.4. CD4+ T cell isolation and stimulation
To purify splenic CD4+ T cells, the splenocytes were incubated with
CD4-coated magnetic beads and isolated on MACS separation columns
(Miltenyi Biotec). MACS-sorted CD4+ cells were sorted for naïve
and memory cells using anti-CD4-PerCPCy5.5, anti-CD62L FITC, and
anti-CD44 PE (all from eBioscience) by ﬂow cytometry. CD4+
CD62LlowCD44high T cells were regarded as memory cells and
CD4+ CD62LhighCD44low as naïve cells (N97% purity, MoFlo).
In naïve, memory T cells, each effector T cells was cultured in the
presence of plate-bound anti-CD3 (0.5 μg/ml; BD Pharmingen) and
soluble anti-CD28 (1 μg/ml; eBioscience) with anti-IFN-γ (2 μg/ml)
and/or anti-IL-4 (2 μg/ml) for 3 days. In naïve T cells, each effector T
cells was cultured in the presence of plate-bound anti-CD3 (1 μg/ml)
and soluble anti-CD28 (1 μg/ml) with anti-IFN-γ (2 μg/ml) and anti-IL-
4 (2 μg/ml) for 3 days. Th0 cells were stimulated only with anti-CD3
and anti-CD28 with no added cytokines. Th17 cells were polarized
with IL-6 (20 ng/ml), TGF-β (2 ng/ml) and Treg cells were polarized
with TGF-β (5 ng/ml). For intracellular cytokine staining, cells were
restimulated for 4 h with PMA (25 ng/ml; Sigma) and ionomycin
(250ng/ml; Sigma) in the presence of GolgiStop (BD Pharmingen).
2.5. Confocal microscopy
For confocal staining, tissue sections of spleens (7 μm thick)
were stained with Alexa 488 conjugated anti-CD4 (BioLegend),
PE-conjugated anti-IL-1R (BD), anti-IL-1β (Santa Cruz), donkey
anti-rabbit PE (BioLegend) and DAPI (Invitrogen). Stained sections
were analyzed at 400× magniﬁcation using an LSM 510 Meta
microscope (Carl Zeiss, Oberkochen, Germany).
2.6. Quantitative RT-PCR
Messenger RNA was isolated using Trizol (Invitrogen, Grand Island,
USA) according to the manufacturer's instructions. Total RNA (2 μg)
was reverse transcribed using a Transcriptor First Strand cDNA
Synthesis kit (Roche, Mannheim, Germany) through incubation for
10 min at 25 °C, 30 min at 55 °C, and ﬁnally 5 min at 85 °C. Real-
time PCR ampliﬁcation was performed with 0.3–0.5 μl of reverse
transcription product using a LightCycler 1.5 system (Roche) and
FastStart Universal SYBR Green Master (Roche) according to the
manufacturer's guidelines. The following sense and antisense primers
were used: IL-17, 5′-GGTCAACCTCAAAGTCTTTAACTT-3′ (sense) and
5′-TAAAAATGCAAGTAAGTTTG-3′ (antisense); β-actin, 5′-GAAATCGTG
CGTGACATCAAAG-3′ (sense) and 5′-TGTAGTTTCATGGATGCCACAG-3′
(antisense). The PCR cycling conditions were as follows: 10 min at
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that equivalent amounts of RNA were added to each PCR reaction, PCR
ampliﬁcation of murine β-actin was performed for each sample.
Relative fold induction was calculated using the equation 2−(ΔΔCp),
where ΔΔCp is ΔCp(stimulated)−ΔCp(control), ΔCp is Cp(IL17)−Cp(β-actin),
and Cp is the cycle at which the threshold is crossed. PCR product
quality was monitored by post-PCR melting curve analysis.
2.7. Flow cytometry
Splenocyteswerewashedwith FACS buffer (0.5% BSA, 0.02N sodium
azide in PBS [pH7.4]) and stained with the following antibodies: PerCP-
conjugated anti-CD4 (eBioscience). For intracellular FACS staining,
cells were ﬁxed with Cytoﬁx/Cytoperm solution (BD), washed with
permeabilization buffer (BD), and then stained with PE anti-mouse IL-
17 antibody (eBioscience). FACS analysis was performed using a
FACSCalibur ﬂow cytometer (BD, San Diego, CA), and the data were
analyzed with FlowJo software version 7.6 (Treestar, Ashland, OR).
The lymphocyte group was gated on the whole cell region by the
forward/side scatter properties, while the CD4+ region was gated on
lymphocytes followed by ﬂuorescence only for analysis of the naïve/
memory T cell population.
2.8. Detection of IL-17, IL-1β, and IL-2 by ELISA
The levels of IL-17, IL-1β and IL-2 in culture supernatants were
measured using sandwich ELISA (R&D Systems). Absorbance wasFig. 1. Increased IL-17-producing CD4+ T cells in the aged mice. Pooled splenocytes and drain
ionomycin (250 ng/ml) for 4 h. (A, C) The expression of IL-17 and RORγt was determined by ﬂ
(D) The frequency of CD4+CD44+ memory cells was measured using ﬂow cytometry. Th
CD4+CD44− naïve T cell population, respectively, using ﬂow cytometry.measured at 405 nm on an ELISA microplate reader (Molecular
Devices, Sunnyvale, CA, USA).
2.9. Statistics
Experimental values are presented as the mean± SEM of different
experiments. Statistical signiﬁcancewas determined byMann–Whitney
U test or Chi-square test using Graph Pad Prism (v.5.01). Values of
pb0.05 were considered statistically signiﬁcant.
3. Results
3.1. The proportion of IL-17-producing CD4+ T cells increased in the aged
mice
To assess the alteration of the Th17 population with aging, the
proportion of IL-17-producing and RORγt-positive cells was analyzed
in total splenocytes, CD4+ T cells and cells from draining lymph nodes
after 4 h of PMA/ionomycin stimulation by ﬂow cytometry. The
proportions of IL-17-producing and RORγt-positive cells were higher
in the aged mice than in the young mice (Fig. 1A,C). Levels of IL-17
and RORγt mRNA were similarly higher in the aged mice cells than
those from young mice (Fig. 1B). As the proportion of memory cells
has been reported to increase with aging, and that change may affect
the frequency of Th17, we next analyzed the frequency of IL-17
producing cells among CD4+CD44+ memory cells and CD4+CD44−
naïve T cells, respectively. Consistent with previous ﬁndings, memorying lymph node cells from young and old mice were stimulated by PMA (25 ng/ml) and
ow cytometry. (B) The expression of IL-17 and RORγt was determined by real-time PCR.
e expression of IL-17 was determined in CD4+CD44+ memory T cell population and
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of IL-17 producing cells was higher among the memory cell population
as well as the naïve cell population in aged mice (Fig. 1D).3.2. The expression of Th17-associated molecules is higher in Th17-
polarized cells from aged mice than those from young mice
Puriﬁed CD4+ T cells from the young and aged mice were cultured
with TCR stimulation with or without Th17-polarizing stimulation for
3 days. IL-17-producing cells were more frequently observed in the
aged mice as they were with PMA/ionomycin stimulation (Fig. 2A).
The expression of Th17-associated molecules in these cells was also
analyzed. The mRNA expression of RORγt and AhR, which are known
to be important transcription factors in Th17 differentiation, was also
signiﬁcantly higher in the aged mice. Additionally, the Th17-speciﬁc
chemokine, CCL20, and its receptor, CCR6, were more highly expressed
in CD4+ T cells from the aged mice when compared to those from the
young mice (Fig. 2B).Fig. 2. The expression of Th17-associated molecules is higher in Th17-polarized condition in a
in vitro for 3 days with the following: control medium, 0.5 μg/ml anti-CD3, 1 μg/ml anti-CD28
IFN-γ, 2 μg/ml anti-IL-4, 2 ng/ml TGF-β, 20 ng/ml IL-6). (A) The expression of IL-17 was deter
determined by real-time PCR.3.3. IL-1R is upregulated in CD4+ T cells, contributing to the increase in
Th17 cell numbers in the aged mice
IL-1β has been reported to play a crucial role in Th17 differentiation
where it increases with age at the serum. Therefore, IL-1R signaling,
which was enhanced in the aged mice, leading to the increase in the
Th17 proportion was hypothesized. IL-1β mRNA levels in splenocytes
were compared between the aged and young mice. Consistent with
previous reports, IL-1β mRNA levels were higher in the cells from the
aged mice (Fig. 3C). IL-1R signaling was also enhanced in the aged
mice. The proportion of IL-1R-expressing cells was signiﬁcantly higher
in the aged mice (Fig. 3B). When CD4+ T cells were isolated and
analyzed for IL-1R expression, a similar result was obtained (Fig. 3B).
Expression of IL-1R and IL-1β increased in the aged mice when
compared to the young mice (Fig. 3A). The level of IL-1β in the
supernatant was higher in the aged mice (Fig. 4A). The frequency of
IL-17-producing cells was also higher in the aged mice. When IL-1R
signaling was blocked with an anti-IL-1R antibody, IL-17 production
was reduced in both the aged and young mice (Fig. 4B).ged mice. CD4+ T cells isolated from the spleens from young and old mice were cultured
, and Th17 cell-inducing cytokines (0.5 μg/ml anti-CD3, 1 μg/ml anti-CD28, 2 μg/ml anti-
mined by ﬂow cytometry. (B) Levels of IL-17, RORγt, AhR, CCR6, and CCL20 mRNA were
Fig. 3. Upregulation of IL-1β and IL-1R in the agedmice. (A) Spleen tissues from young and oldmice were stained for IL-1β-producing cells using antibodies speciﬁc for IL-1β (green) and
nuclei (blue). The population of IL-1β -producing cells was analyzed by laser confocal microscopy (magniﬁcation: 400×). Cells that stained positively for IL-1βwere counted visually at
highermagniﬁcation (projected on a screen) by four individuals, and themean valueswere presented in the formof a graph. Spleen tissues from eachmousewere stained for CD4+IL-1R+
T cells using antibodies speciﬁc for CD4 and IL-1R. Both cell populations were analyzed by laser confocal microscopy (original magniﬁcation ×400). CD4+IL-1R+ T cells were counted
visually at higher magniﬁcation (projected on a screen) by four individuals, and the mean values were presented in the form of a graph. Pooled splenocytes and draining lymph node
cells from young and old mice were cultured with PMA (25ng/ml) and ionomycin (250ng/ml) for 4h. (B) The expression of IL-1Rwas determined by ﬂow cytometry. (C) The expression
of IL-1βwas determined by real-time PCR.
59M.-A. Lim et al. / Experimental Gerontology 49 (2014) 55–623.4. The effect of IL-2 blockade on Th17 differentiation is abrogated in the
aged mice
To conﬁrm the Th17-polarizing effect, an anti-IL-2 antibody was
applied in the same co-culture system. Intriguingly, the increase in the
Th17 population caused by IL-2 blockade was blunted in the aged
mice compared to young mice (Fig. 5A), suggesting that the response
to IL-2 was already suppressed in the aged mice. To explain the
attenuated response, IL-2 mRNA levels were measured in CD4+ T cells
from young and old mice. Consistent with previous ﬁndings, the IL-2
mRNA level was lower in CD4+ T cells from the aged mice (Fig. 5C).
As it could not be excluded that the greater production of IL-17 and
reduced IL-2 expression in aged CD4+ T cells might result from higher
proportion of memory T cells of the aged mice, sorted CD4+CD62L+
naïve T cells and CD4+CD44+ memory T cells were cultured in Th17
polarizing condition, respectively. Intriguingly, when naïve cells were
differentiated into Th17 cells, the frequency of IL-17 producing cells
was not different between young and aged mice. Meanwhile, theproportion of IL-17 producing cells was signiﬁcantly higher in aged
mice when sorted memory T cells were cultured in a Th17 polarizing
condition (Fig. 5D). IL-2 levels in the supernatant of both naïve and
memory CD4+ T cell culture were signiﬁcantly higher in the young
mice (Fig. 5E). The frequency of IL-2R-positive CD4+ T cells was also
measured using ﬂow cytometry. IL-2R was down-regulated in the
aged mice (Fig. 5B).
4. Discussion
Results from this study showed that the proportion of IL-17-
producing cells was higher in the aged mice than the young mice. This
was consistent with previous ﬁndings showing an increased proportion
of IL-17-producing cells (Ouyang et al., 2011). Th17-polarized cells from
the oldmice have higher RORγt mRNA expression and the Th17-related
molecules, AhR, CCR6, and CCL20 (Hirota et al., 2007; Zhou and Littman,
2009) than cells from the young mice. Therefore, it is reasonable to
argue that the proportion of Th17 cells is increased in the aged mice.
Fig. 4. Blockade of IL-1R reduced the proportion of Th17 cells. Freshly isolated CD4+ T cells (5×105 cells/well) were cultured in vitro for 3dayswith irradiated APCs (5×105 cells/well) in
the presence of anti-CD3 plus anti-CD28 or anti-CD3 plus anti-CD28 plus TGF-β plus IL-6. The neutralizing antibodies usedwere anti-IFN-γ, anti-IL-4, and anti-IL-1R. (A) The level of IL-1β
in the supernatant of culture system was measured by ELISA. (B) The expression of IL-17 was determined by ﬂow cytometry.
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differentiate into Th17 cells was maintained during aging (Haynes and
Maue, 2009). There are several proposals including the responsiveness
to Th17-polarizing cytokines which was not dampened with aging
(Huang et al., 2008) and that the old naïve T cells had an intrinsic
tendency to skew toward Th17 (Haynes and Maue, 2009). Our results
demonstrated that a higher proportion of IL-17-producing cells in the
aged mice was largely dependent on enhanced Th17 differentiation of
the memory CD4+ T cells. Although, there was no difference in the
frequency of Th17 differentiated from naïve CD4+ T cells between
young and aged mice, the level of IL-17 in the culture supernatant of
naïve CD4+ T cells from the aged mice was greater than the young
mice. Whether aged Th17 cells have stronger ability to produce IL-17
requires further investigation.
Among the Th17-polarizing cytokines, our interest lay with IL-1β
because it has been reported that IL-1R plays a critical role in human
Th17 differentiation (Sha and Markovic-Plese, 2011) and the pro-
duction of IL-1β increased with age (Gelinas and McLaurin, 2005).
Previous research reported that IL-1R was up-regulated in naïve CD4+
T cells from elderly donors (Lee et al., 2011). The authors argued that
this could partially explain the augmented Th17 differentiation in the
elderly. We showed that the expression of IL-1R increased in total
CD4+ T cells from the aged mice, suggesting that CD4+ T cells from
agedmiceweremore responsive to IL-1R stimulation. As the association
between IL-1β signaling and the conversion of Tregs into Th17 cells has
been reported (Rafﬁn et al., 2011), total CD4+ T cells were used instead
of naïve CD4+ T cells to evaluate Th17 differentiation capability.
Moreover, the blockade of IL-1R signaling signiﬁcantly reduced Th17
differentiation, conﬁrming the critical role of IL-1R signaling.It iswell documented that IL-2 is an essential paradoxical cytokine in
lymphocyte proliferation and playing a key role in immune regulation
and tolerance by enhancing Treg development (Maloy and Powrie,
2005). The frequency of IL-2-producing T cells decreases with age
(Linton et al., 1997). The general decline in host defense is attributed
to the decreased T cell function caused by insufﬁcient IL-2 production.
Increased susceptibility to autoimmune diseases and cancer can also
be explained by an IL-2 deﬁciency. Furthermore, IL-2 promotes Treg
development while suppressing Th17 differentiation by enhancing
STAT5 signaling (Laurence et al., 2007). Given the reciprocal regulation
of Tregs and Th17 cells, it is plausible that the deﬁciency of IL-2
contributes to the increase in Th17 cell numbers with aging. Indeed,
the production of IL-2 was reduced in the aged mice. Our results may
be explained as the more potent IL-2 producing naïve cells were found
to be more frequent in the young mice. The attenuated response
to the IL-2 blockade in the aged mice seemed to be resulted from
the reduced amounts of IL-2 could be neutralized by the anti-IL-2
antibody. The expression of IL-2R conveying the signal after IL-2
binding already decreased in the aged mice, suggesting that IL-2R
signaling might be attenuated before IL-2 blockade in the aged
mice. Further investigation of the contribution of IL-2 to Th17
differentiation in association with the reciprocal Treg regulation
is required.
A mechanism is proposed where Th17 differentiation is increased in
the elderly. First, IL-1R signaling enhancing among the elderly
contributes to Th17 differentiation. Secondly, regardless of the T cells
being naïve or effected cells, a decrease in IL-2 production and a
diminish in IL-2R expression in the aged mice skew T cells toward
Th17 differentiation.
Fig. 5. IL-2 is signiﬁcantly involved in Th17 differentiation in agedmice. Freshly isolated CD4+ T cells (5×105 cells/well) and irradiated APCs (5×105 cells/well) from young and oldmice
were co-culturedwith anti-CD3 and anti-CD28 in the presence or absence of TGF-β and IL-6 for 3days. (A) The effect of anti-IL-2 treatment was investigated. The expression of IL-17 was
determined by ﬂow cytometry. (B) The effect of anti-IL-2 treatment was investigated. The expression of CD25 (IL-2 receptor) was determined by ﬂow cytometry. (C) Pooled splenocytes
and draining lymph node cells from young and old mice were cultured with PMA (25ng/ml) and ionomycin (250ng/ml) for 4h. The expression of IL-2 was determined by real-time PCR.
(D) CD4+CD62L+ naïve T cells and CD4+CD44+memory cells were sorted and cultured in a Th17 polarizing condition (0.5μg/ml anti-CD3, 1μg/ml anti-CD28, 2μg/ml anti-IFN-γ, 2μg/ml
anti-IL-4, 2 ng/ml TGF-β, 20 ng/ml IL-6). The expression of IL-17 was determined by ﬂow cytometry. (E) The level of IL-2 in the culture supernatants of (D) was measured by ELISA.
61M.-A. Lim et al. / Experimental Gerontology 49 (2014) 55–625. Conclusion
The proportion of Th17 cells increased in the agedmice compared to
the youngmice. This might be explained by the increased production of
IL-1β and upregulation of IL-1R expression in the aged mice promoting
Th17 differentiation. Furthermore, decreased IL-2 production and IL-2R
expression in the aged mice also seemed to contribute to the aug-
mentation of Th17 differentiation. Our results suggest that enhanced
Th17 differentiation in aging may have a pathogenic role in the
development of Th17-mediated autoimmune diseases.
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